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PREDICTORS OF INVASION IN DUCTAL CARCINOMA IN SITU OF
THE BREAST: THE VALUE OF A SCORING SYSTEM

Walid A. Mourad, MD; Shirley Devloo, RT; Sebouh Setrakian, MD

Ductal carcinoma in situ (DCIS) of the breast shows unpredictable association with invasive ductal carcinoma
(IDC). Comedo DCIS (CDCIS) is more frequently associated with IDC than noncomedo DCIS (NCDCIS).  We
studied prognostic variables in 64 cases of DCIS to identify predictors of invasion.  These factors included DCIS
type and nuclear grade and two counts of the AgNOR silver staining technique for identification of ploidy and
proliferative activity (PA) using two counts: mAgNOR for ploidy and pAgNOR for PA.  The other factors included
immunostaining of the lesions for epidermal growth factor receptors (EGFR), cathepsin-D (C-D), and the c-erbB-2
oncogene.  The 34 cases associated with ICD had pAgNOR ranging from 3% to 36% (median 11%), whereas cases
not associated with IDC had a pAgNOR range of 0% to 25% (median 5%; P=0.0001).  The correlation between
mAgNOR and the development of IDC was less statistically significant.  The DCIS type and staining pattern for
EGFR, C-D, and c-erbB-2 showed no statistical correlation of individual variables with the development of IDC. A
scoring system adding the values of the seven variables was used.  A score of 1-2 was given to each variable,
depending on whether it was positive or negative.  Lesions associated with IDC had a median total score of 8
(±1.35 SD), whereas those lesions not associated with invasion had a median score of 4 (±1.45 SD; P=0.0002). We
conclude that proliferative activity analysis may play a significant role in predicting the invasive potential of DCIS.
The use of a scoring system adding the sum of single prognostic indicators may provide more useful information
regarding the prediction of invasive potential of DCIS than single indicators.  Ann Saudi Med 1997;17(4):427-431.

Ductal carcinoma in situ (DCIS) represents approximately
70% of noninvasive breast tumors. 1  The lesions represent
a high proportion of mammographically detected non-
palpable breast lesions.2  Although DCIS is not uniformly
associated with invasive carcinoma of the breast, a
significant proportion of these lesions progress to or
coexist with invasive cancer. 3-9  Lymph node metastasis
can even be found in association with DCIS without any
histological evidence of invasion. 10  Several attempts have
been made to identify prognostic indicators predicting the
risk of invasion associated with DCIS. Histological
classification of DCIS into comedo (CDCIS) and
noncomedo (NCDCIS) subtypes is the most popular and
technically feasible method.11 Other prognostic indicators
have been studied in invasive ductal carcinoma, and seem
to have a significant impact on predicting aggressive
behavior of invasive ductal carcinoma. These factors
include proliferative activity analysis using the
argyrophilic nucleolar organizer (AgNOR) silver stain, 12

oncogene expression, such as c-erbB-2,13 epidermal
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growth factor receptors (EGFR), 14 and the proteolytic
enzyme cathepsin-D.

Because there is a need to identify indicators predicting
invasion in DCIS, we studied the above parameters in
cases of pure DCIS and cases of combined DCIS and
invasive ductal carcinoma to see if we could identify the
most significant single factor predicting invasion. We also
used a scoring system combining all the factors to assess
the predictive value of the combined factors.

Materials and Methods

Sixty-four cases of ductal carcinoma in situ of the
breast were selected for this study. The cases were
retrieved from the files of the University of Alberta
Hospital (n=37), and the Case Western Reserve University
hospitals (n=27). The cases were either of pure ductal
carcinoma in situ or ductal carcinoma in situ associated
with invasive ductal carcinoma. Classification of the ductal
carcinoma in situ into comedo and noncomedo subtypes
was based on well-established histological criteria. 16,17

Grading of the nuclei in the carcinoma in situ into
high and low grades was also done based on criteria
in the literature.18,19 Sections of formalin-fixed
paraffin-embedded tissue were submitted for the
AgNOR silver stain and immunohistochemistry for
cathepsin-D, the c-erbB-2 oncogene and epidermal growth



MOURAD ET AL

428 Annals of Saudi Medicine, Vol 17, No 4, 1997

FIGURE 1.  A case of ductal carcinoma in situ showing positive cytoplasmic
membrane staining for epidermal growth factor receptor (Immunoperoxidase,
25x).

factor receptors (EGFR).
The AgNOR silver staining technique was performed

using the modified technique of Ploton, 20 further modified
by Crocker.21 Two AgNOR granule counts were performed.
The first count consisted of the mean number of AgNOR
granules in 100 cells counted (mAgNOR), and the second
count was the percentage of nuclei exhibiting >5 AgNOR
granules/nucleus. The first count corresponded to ploidy
and the second count corresponded to proliferative
activity.22-25 The counts were performed in the areas of
ductal carcinoma in situ, with a minimum of four fields
chosen for count in each lesion. Any AgNOR clumps not
discernible at light microscopy were considered one single
granule. This method of count is referred to as method B
by Suresh et al.26  This is in contrast to method A, where
an attempt is made to count all AgNOR granules. The
count in method B is usually lower than in method A.

The immunoperoxidase technique was used for the
identification of cathepsin-D, EGFR and the c-erbB-2
oncogene product. Monoclonal antibodies were used
(Vector Laboratories, Burlingame, California, U.S.A). Any
positive staining for any of the antibodies was considered
positive for expression of the corresponding antigen.

A scoring system that added seven variables to obtain
the total score for each case was used. The variables
included the presence or absence of comedo carcinoma,
nuclear grade, aneuploid mAgNOR counts ( >2.4),
pAgNOR >8%, EGFR, cathepsin-D, and c-erbB-2 . When
the parameter was negative, a score of 1 was given and
score of two was given to each positive parameter. The
total score ranged from 7-14.

Statistical analysis was performed using the Kruskal-
Wallis analysis of variance.27  A statistical software (True
EpistatTM, Richardson, Texas, USA) and a 486 personal

FIGURE 2.  A case of ductal carcinoma in situ of the breast showing positive
immunolabeling for c-erbB-2 highlighting the cytoplasmic membrane similar
to epidermal growth factor receptor (Immunoperoxidase, 25x).

computer were used for the statistical analysis. The
analysis was performed to identify the statistical difference
between each individual parameter in pure ductal
carcinoma in situ, and that not associated with invasion.
The analysis was also used to identify the difference
between the total score in DCIS not associated with
invasion and those cases associated with invasion.

Results

The patient ages ranged from 38 to 77 years, with a
median age of 48 years. The 64 cases included 30 cases of
pure ductal carcinoma in situ, and 34 cases of ductal
carcinoma in situ associated with invasion. Patients with
invasive carcinoma had either synchronous or
metachronous development of invasive ductal carcinoma.
Patients with pure ductal carcinoma in situ were followed
for a period ranging from 13 to 36 months (median 18
months) for the possible development of invasive
carcinoma.

Immunohistochemical staining for EGFR showed a
cytoplasmic membrane staining pattern (Figure 1). Seven
of the 34 cases of DCIS associated with invasion showed
EGFR positivity (20%), whereas only four of the 30 cases
not associated with invasion showed positive staining
(13%). No statistical difference was seen between the two
groups. C-erbB-2 showed a staining pattern similar to that
seen with EGFR (Figure 2). Thirteen of the 34 cases of
DCIS associated with invasion exhibited positivity for c-
erbB-2 (38%), whereas only six of the 30 cases not
associated with invasion (20%) showed such a pattern. No
statistically significant difference could be seen between
the two groups of patients.  Cathepsin-D positive staining
was mainly seen as a granular cytoplasmic staining (Figure
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3). Twenty cases of DCIS associated with invasion (58%)
showed positive staining, whereas only 12 of 30 cases of
DCIS not associated with invasion (35%) showed such
expression.  The difference was not statistically significant.

Nineteen of the 34 cases of DCIS associated with
invasive carcinoma (55%) showed an mAgNOR pattern
suggestive of aneuploidy (>2.4), whereas aneuploidy was
seen in only eight of the 30 cases of DCIS not associated
with invasive carcinoma (26%). The difference was
statistically significant (P=0.01). Cases of DCIS associated
with invasion showed a pAgNOR ranging from 3% to
36%, with a median of 11% (Figure 4), whereas cases not
associated with invasion had pAgNOR of 0 to 25% with a
median of 5%. The difference was statistically significant
(P=0.001). Cases exhibiting aneuploidy usually showed
significant increase in pAgNOR counts and granule
distribution (Figure 5).

When the total score combining all variables was
added, cases of DCIS associated with invasion had a
median score of 8, whereas those cases not associated with
invasion had a median score of 4. The difference was
statistically significant (P=0.00002).

Discussion

Cathepsin-D is a proteolytic enzyme belonging to the
family known as aspartate proteinases. 28,29  Expression of
cathepsin-D has been variably correlated with poor
prognosis in invasive breast carcinoma.  Expression of the
enzyme may suggest increased invasive potential.
Although there was a higher number of cases where
cathepsin-D was expressed when invasion was present, we
did not find a significant correlation between cathepsin D
expression as an isolated parameter and the potential for
invasion. Epidermal growth factor receptor (EGFR) is a
transmembrane glycoprotein whose expression is
important in the regulation of breast cancer cell growth. 30

The activity of EGFR has been closely related to c-erbB-2
oncogene expression, as well as increased proliferation of
tumor cells.  These findings were mainly seen in invasive
ductal carcinoma. C-erbB-2 oncogene activity has been
linked to protein kinase activity. 31,32  The gene product has
structural homology with EGF and its receptor (EGFR).
Studies have shown that this oncogene is amplified
(overexpressed) in more aggressive forms of DCIS. 13 We
have also noticed that immunohistochemical expression of
c-erbB-2 and EGFR are very similar, confirming the close
relationship between the two proteins. However, we were
not able to show any significant value of either EGFR or c-
erbB-2 expression in predicting invasive potential of
DCIS.

The classification of DCIS into comedo and non-
comedo variants has shown a promise for identifying
more aggressive variants of DCIS. 18 The method is simple,

FIGURE 3.  Case of ductal carcinoma in situ of the breast showing positive
granular cytoplasmic staining for cathepsin-D (Immunoperoxidase, 25x).

FIGURE 4.  Dot plot showing the pAgNOR values of cases of ductal
carcinoma in situ with (+ve) and without (-ve) invasion.

reproducible and requires no complicated procedures.
Furthermore, the subclassification of comedo DCIS into
low and high grades, based on nuclear morphology, has
suggested the presence of a more aggressive subtype of
DCIS. This method, however, did not show any significant
impact on identifying DCIS lesions with more potential for
invasive carcinoma.

Proliferative activity analysis of breast carcinoma is one
of the most reliable independent prognostic indicators
identifying more aggressive cases of breast carcinoma.
This is especially seen in cases of breast carcinoma with
diploid DNA indices.33-35  Methods of proliferative activity
analysis include flow cytometry, immunohistochemical
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FIGURE 5.  A case of ductal carcinoma in situ associated with invasion
showing a high number of granule count (AgNOR silver stain, 40x).

staining for PCNA, Ki-67 36and BrDU,37 and the AgNOR
silver stain.12  We have previously shown that the AgNOR
silver stain, together with the use of two counts for ploidy
and proliferative activity analysis, correlate well with
ploidy and proliferative activity measured by flow
cytometry.22 We have also shown that, in DCIS, pAgNOR
as a reflection of proliferative activity is the most
significant predictor of invasion in DCIS. 38 This predictive
value held in the current study on a different group of
patients. Unfortunately, the correlation was not 100%
predictive of invasive potential.

The pathogenesis of breast carcinoma is a
multifactorial process.39  This multifactorial background
suggests that several factors play a role in determining the
biological behavior of these neoplasms. This would also
suggest that the development of invasive carcinoma in the
background of DCIS is multifactorial as well. Our study
suggests that when several biological factors are taken into
account in combination rather than separately, a better idea
could be obtained on the potential of invasive carcinoma
occurring in DCIS. We used a very limited number of
prognostic indicators in our study to attempt to predict the
invasive potential of DCIS.  We believe that the use of a
larger number of well-established prognostic indicators in
DCIS, such as other oncogenes, 40 estrogen and
progesterone receptors,41 adhesion molecules42 and well-
established histological criteria, would facilitate
identification of DCIS lesions with high potential for
invasive carcinoma.  These high-risk lesions would
probably require more aggressive management than ones
with less potential for association with invasive cancer.
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